Abstract. The present study aimed to determine the levels of prothrombin induced by vitamin K absence-II (PIVKA-II) according to the Barcelona Clinic Liver Cancer (BCLC) staging system, to develop an appropriate strategy for managing hepatocellular carcinoma (HCC), particularly early HCC, and to investigate the value of PIVKA-II for predicting prognosis-associated pathological parameters. Clinical information of 117 patients with hepatitis B-associated HCC was retrospectively collected. Preoperative serum PIVKA-II and α-fetoprotein (AFP) levels were measured using a chemiluminescence method. The efficiency of PIVKA-II levels for predicting pathological parameters was evaluated using step-wise logistic regression. The receiver operator characteristic curve was used to evaluate the predictive performance of PIVKA-II levels. It was demonstrated that except for the difference between stages B and C HCC (P=0.923), serum PIVKA-II levels significantly increased according to BCLC stage (P<0.050), however AFP levels did not. In early HCC (stage 0+A), the correlation between PIVKA-II and AFP levels (dual-positive, 64.70% in stage 0; 46.97% in stage A) was relatively weak (r=0.410). PIVKA-II >40 mAU/ml was an independent predictor of microvascular invasion [hazard ratio (HR), 3.77; 95% confidence interval (CI), 1.31-10.88; P=0.014; and high Ki67 expression in situ (HR, 2.99; 95% CI, 1.19-7.52; P=0.020). Combined analysis of PIVKA and AFP levels may contribute to an effective strategy for the management of patients with early HCC, as high PIVKA-II levels indicated a more aggressive tumor phenotype. Further investigation of PIVKA-II levels may provide novel insights into the mechanism underlying the metastasis of HCC cells and facilitate the development of novel therapeutic strategies for HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies leading to death worldwide (1) . Although the diagnosis and treatment of HCC have been improved, prognosis is poor (2) . The death rate of patients with HCC was nearly constant from 2000 to 2011 (3) . Moreover, HCC was estimated to represent the third-leading cause in China of malignancy-related death subsequent to 2011 (3) . Poor prognosis is partly related to the initial diagnosis of HCC when the tumor stage is advanced, indicating the likelihood that curative resection is not possible (4-7). Further, the high incidence of metastasis and recurrence after curative resection significantly impairs the efficacy of treatment (8) (9) (10) . Therefore, there is an urgent need to develop an accurate tool to aid early diagnosis as well as to predict prognosis to improve the outcomes of patients with HCC.
Serum proteins are considered to the most clinically applicable markers for routine analyses, because they offer the advantages of noninvasiveness, cost-effectiveness, and high reproducibility (11) . Currently, α-fetoprotein (AFP) is the most frequently used biomarker for HCC surveillance (4, 5) . However, because of its unsatisfactory performance, even Significance of PIVKA-II levels for predicting microvascular invasion and tumor cell proliferation in Chinese patients with hepatitis B virus-associated hepatocellular carcinoma using the optimal cutoff value (10-20 ng/ml) (12), AFP is not recommended as an adjunct to abdominal ultrasound (4, 13) . Prothrombin induced by vitamin K absence-II (PIVKA-II), also known as des-γ-carboxy prothrombin, is a useful marker for diagnosing HCC, and elevated levels of PIVKA-II are associated with poor prognosis of patients undergoing different treatments (14) (15) (16) (17) (18) . Moreover, PIVKA-II performs better compared with AFP for the diagnosis and prognosis of HCC (18, 19) and therefore is considered a promising biomarker for managing HCC. However, the clinical significance of PIVKA-II was mainly assessed by studies of Japanese patients with HCC (20) (21) (22) , and the use of PIVKA-II levels to assess Chinese patients is limited. Moreover, most Chinese HCC patients are infected with hepatitis B virus (HBV). In contrast, the majority of patients in Japan are infected with hepatitis C virus (HCV), which may bias the interpretation of PIVKA-II data acquired by studies of a Japanese cohort (23) . Therefore, it is essential to conduct a study mainly focusing on Chinese patients with HBV-related HCC to evaluate the clinical significance of PIVKA-II levels. Pathological parameters such as differentiation, microvascular invasion (MVI), and Ki67 expression level are major risk factors for tumor recurrence and mortality of patients with HCC (24) (25) (26) . However, these parameters are detectable only through microscopic examination of surgical specimens, and correct interpretation of the findings requires experienced pathologists. Moreover, predicting such parameters is a major issue in assessing the prognosis of patients with HCC. Therefore, the discovery of a serum biomarker for predicting prognosis-related pathological parameters will likely enhance management of HCC. Unfortunately, we are unaware of any relevant published data for Chinese patients with HBV-associated HCC.
Therefore, to develop an appropriate management strategy, we conducted a retrospective study of 117 Chinese patients with HBV-associated HCC to determine the distribution of serum PIVKA-II concentrations according to Barcelona Clinic Liver Cancer (BCLC) stages (4), particularly stage 0-A (defined as early HCC), and assessed the ability of PIVKA-II levels to predict prognosis-related pathological parameters.
Patients and methods
Patients. The present retrospective study included 117 patients with HBV-associated HCC who underwent curative resection at Zhongshan Hospital (Fudan University, Shanghai, China). HCC was defined according to the results of imaging studies and biochemical assays, and diagnosis was confirmed using histopathology according to the criteria of the guidelines of the American Association for the Study of Liver Diseases (4). Staging was determined according to the BCLC system (27) , and tumor differentiation was determined using the Edmondson grading system (23) . Patients undergoing vitamin K or warfarin treatment were excluded (19) . The Research Ethics Committee of Zhongshan Hospital granted approval for the use of human subjects, and informed consent was obtained from each patient.
Sample collection, storage, and measurements. Peripheral blood samples were collected 3 days before curative resection.
Blood samples were centrifuged immediately after collection to separate serum, and approximately 3 ml of serum was collected from each patient. After separation, serum samples were stored at -80˚C. PIVKA-II concentrations were measured using a Lumipulse G1200 automated immunoassay instrument (Fujirebio, Inc., Tokyo, Japan), and AFP concentrations were determined using a Cobas e 601 module (Roche Diagnostics, GmbH, Mannheim, Germany).
Pathological parameters. We collected data for the pathological parameters MVI (28), Ki67 (29) , glypican 3 (GPC3) (30) , heat shock protein 70 (HSP70) (31, 32) , and cytokeratin 19 (CK19) (10, 33, 34) . MVI was defined as the presence of a tumor thrombus in a vascular space lined by endothelial cells in the tumor parenchyma or stroma (19) . Immunohistochemistry was used to analyze the expression of Ki67, GPC3, HSP70, and CK19, and two independent pathologists assessed expression levels. KI67 expression was determined according to the median percentage of positive tumor cells within the stroma, and the cutoff value in the present study was defined as 20.00%.
Statistical analysis. Statistical analysis was performed using SPSS 20.0 software (IBM Corp., Armonk, NY, USA ). Values of continuous variables are expressed as the mean ± standard error of the mean. The chi-squared test, Fisher's exact probability tests, and Student's t-test were used, as appropriate, to evaluate the significance of differences in data between groups. If the differences within groups were not normally distributed, the nonparametric Mann-Whitney test or the Wilcoxon signed-rank test was used. A receiver operating characteristic (ROC) curve and area under curve (AUC) were used to evaluate the predictive value of clinical variables, including PIVKA-II levels. To identify independent predictors for MVI and high Ki67 expression, variables with P<0.05 (chi-squared test) were included in the logistic regression model, using a stepwise selection procedure (19) , and P<0.05 was considered significant.
Results

Patient characteristics.
The clinical characteristics of the 117 patients are summarized in Table I Analysis of PIVKA-II and AFP levels. The median PIVKA-II levels increased from very early (stage 0) to advanced (stage C) (Fig. 1A) . PIVKA-II levels of patients with stage 0 were significantly lower compared with those of patients with stage A, B, or C HCC (all P<0.050). PIVKA-II levels increased significantly from BCLC stages A to B (P= 0.040). Similar results were obtained when the levels of PIVKA-II of patients with stage A HCC were compared with those of patients with stage C HCC (P=0.015) (Fig. 1A) . However, there was no significant difference between PIVKA-II levels of patients with stages B or C HCC (P=0.923). When the cutoff was defined as 40 mAU/ml, the optimal value for HCC diagnosis of Chinese patients (16), the positive rate of detection of PIVKA-II increased from very-early to advanced HCC (41.18-100.00%) (Fig. 1B) , and all patients with stage C HCC were positive for PIVKA-II. In contrast, the median AFP level did not increase, and there were significant differences only between stages 0 and B or C (both P<0.050) and between stages A and C (P=0.028) (Fig. 1C) . However, similar to the PIVKA-II data, the rates of AFP-positive samples increased with tumor progression (41.18-90.00%) when cutoff value for AFP was defined as 20 ng/ml (23) (Fig. 1D) .
Evaluating the potential significance of combining PIVKA-II with AFP values for patients with early-stage HCC.
The rate of samples positive for PIVKA-II or AFP was relatively low, particularly for BCLC stage 0 (<50.00% each) ( Fig. 1B and D) . Therefore, we investigated the potential value of combining the PIVKA-II and AFP data for patients with early-stage HCC. This analysis revealed a significant correlation between their levels, although the Pearson's r value was 0.41 ( Fig. 2A) , indicating a weak correlation between these two biomarkers and the potential value of combining AFP and PIVKA-II values. Therefore, we further analyzed the significance of combining PIVKA-II and AFP rates for patients with BCLC stages 0 and A. The rates of positive detection using the combination of PIVKA-II and AFP levels were 58.82 and 92.42% for stages 0 and A, respectively (Fig. 2B) . In the stage 0 group, the PIVKA-II-positive rate of AFP-negative patients was 30.00%, the AFP-positive rate of PIVKA-II-negative patients was 30.00% (Fig. 2B) . For the stage A group, the PIVKA-II-positive rate of AFP-negative patients was 82.76%, the AFP-positive rate of PIVKA-II-negative patients was 68.75%. Together, these results reveal low overlap between PIVKA-II and AFP levels in patients with early HCC and indicate the promise of combining PIVKA-II and AFP levels for managing these patients. Table I . Patients with high serum PIVKA-II levels were more likely to have a larger tumor (>5 cm, P=0.002) and an advanced tumor stage (P=0.028). Further, we found that male patients were more likely to have higher serum PIVKA-II levels (P=0.026), suggesting that sex ratio bias should be considered when using PIVKA-II as a biomarker for HCC. When we evaluated the correlation between PIVKA-II levels and pathological parameters MVI, CK19, GPC3, HSP70, and Ki67, we found that the PIVKA-II level correlated significantly with MVI (P= 0.001) and high Ki67 expression (P=0.030), indicating that patients with high serum PIVKA-II levels likely have a more aggressive tumor phenotype.
Serum PIVKA-II levels serve as an independent predictor of MVI and tumor cell proliferation. We next investigated whether PIVKA-II served as an independent predictor for MVI and tumor cell proliferation, which indicate the potential of HCC to progress. When we first assessed the correlation between clinicopathological characteristics and MVI, we found that age, AFP level, tumor size, satellite lesions, macrovascular invasion, BCLC stage, and PIVKA-II level correlated significantly with MVI (all P<0.050) ( (Table II) . The AUC of the PIVKA-II level for predicting MVI was 0.634 (95% CI, 0.533-0.735) with 88.70% sensitivity and 38.10% specificity (Fig. 3A) .
When we performed this two-step analysis, we found that macrovascular invasion, Edmondson stage, CK19, GPC3, and PIVKA-II levels correlated significantly with high Ki67 expression. Further, multivariate analysis identified PIVKA-II level (HR, 2.99; 95% CI, 1.19-7.52; P=0.020), Edmondson stage (HR, 2.61; 95% CI, 1.16-5.88; P=0.020), and GPC3 (HR, 2.65; 95% CI, 1.10-6.36; P=0.027) as independent predictors of high Ki67 expression, which reflect the high proliferative potential of tumor cells (Table III) . The AUC of the PIVKA-II level used to predict Ki67 expression was 0.590 (95% CI, 0.487-0.694) with 83.60% sensitivity and 34.40% specificity (Fig. 3B) . Taken together, these results showed PIVKA-II could serve as a promising indicator for predicting progressive HCC.
Discussion
We conducted a retrospective study of Chinese patients with HBV-associated HCC to assess the value of determining PIVKA-II levels as a biomarker of HCC, in particular, for early-stage disease. We found that the overlap between PIVKA-II and AFP levels in patients with early HCC was low and that evaluating their levels in combination may serve as an effective component of strategies for the management of early-stage HCC. Further, we show here that high PIVKA-II levels were significantly associated with MVI and high Ki67 expression, indicating an increased probability of tumors to progress. Together, our data strengthen the prognostic value of PIVKA-II levels. Moreover, multivariate analysis revealed that PIVKA-II levels were an independent predictor of MVI and high Ki67 expression. Although the impact of HBV infection is declining because of the recent implementation of China's nationwide HBV vaccination program, liver cirrhosis caused by chronic HBV infection is the major cause of HCC (3), which differs from the causes of HCC in Japanese, Europeans, or Americans (23) . Hence, we investigated the clinical significance of PIVKA-II on this cohort of patients. PIVKA-II is a promising biomarker for the diagnosis and prognosis of HCC (14) (15) (16) (17) (18) . For example, our previous study demonstrates that PIVKA-II is an independent indicator of early recurrence in patients with early HCC (35) . PIVKA-II exhibited greater diagnostic performance compared with AFP because of its higher sensitivity and specificity (18) . Moreover, the combination of PIVKA-II and AFP was not more advantageous compared with PIVKA-II (16, 18, 19) , and this combination impaired the diagnostic efficiency of PIVKA-II in some subgroups because of the poor performance of AFP. However, in the present study, we observed low overlap between positive PIVKA-II and AFP data for patients with early HCC, and combining the data greatly increased the rates of positive detection of patients with early HCC.
Univariate analysis Multivariate analysis ---------------------------------------------------------------------------------------------------------------------------------------------------------------
We speculated that this discordance is attributed to factors such as patient selection and different staging systems. We therefore strongly recommend using these two biomarkers together for HCC screening, in particular, for more patients with early-stage tumors. These patients should undergo high-resolution imaging scans to establish a definite diagnosis. Such efforts will likely increase the number of patients suitable for curative resection to improve prognosis. Further, our results suggest combining PIVKA-II and AFP levels when evaluating the response to treatment of patients with early HCC to compensate for the disadvantages of using a single marker and to provide comprehensive information that will improve the accuracy of clinical assessments.
Here we evaluated the correlation between PIVKA-II with the pathological parameters tumor cell differentiation, MVI, CK19, GPC3, and HSP70, because they are significantly associated with the prognosis of HCC (5, 29, 31, 34) and are routinely determined by the Department of Pathology, Fudan University. We found further that preoperative PIVKA-II was an independent predictor for MVI (HR, 3.77; 95% CI, 1.31-10.88; P=0.014), which is consistent with findings of studies of Japanese (36) and Western European cohorts (19) . Together, these findings strongly suggest an association between PIVKA-II expression and tumor cell invasion. Moreover, for the first time to our knowledge, we report that PIVKA-II levels served as an independent predictor for high Ki67 expression (HR, 2.99; 95% CI, 1.19-7.52; P=0.020). Previous studies established the correlation between the PIVKA-II level and tumor size (19, 36) , and PIVKA-II maintains the growth of HCC (37) . The present study provides direct clinical evidence of the correlation between PIVKA-II and cell proliferation. Taken together, our findings indicate that high PIVKA-II levels may reflect a more aggressive tumor phenotype and will therefore significantly improve the evaluation of tumor prognosis to facilitate the delivery of individualized treatment strategies.
When we performed ROC analysis, we found that the sensitivity and specificity of PIVKA-II for predicting MVI and high Ki67 expression were approximately 90.00 and 30.00%, respectively. These findings indicate that a high true-positive rate of PIVKA-II may nevertheless serve as an effective screening tool, although the true-negative rate was insufficient for this purpose. We suggest that the reason for low specificity may be the cutoff value of 40 mAU/ml, which is considered optimal for diagnosing Chinese patients with HCC (16). We did not use a different another cutoff value because of the small number of subjects (n=117) studied here. Nevertheless, the correlation between PIVKA-II and pathogenesis was significant. Establishing a panel containing all independent predictors might overcome this limitation. In fact, based on present cohort of patients, we established a model comprising AFP, BCLC stage, and PIVKA-II, which showed an AUC of 0.755 with 71.80% sensitivity and 68.70% specificity for predicting MVI (data not shown). Moreover, we are conducting a large cohort, multicenter study to systematically evaluate the predictive performance of PIVKA-II.
There are limitations to our study other than the small number of subjects. First, our study was retrospective. Second, we did not perform next-generation PIVKA-II detection, because it is not routinely preformed in clinical laboratories (38) , and we will further investigate its clinical significance in the near future. Third, the mechanism of the regulation of PIVKA-II of tumor cell invasion (e.g., via modulating the EMT) was not investigated in detail.
In conclusion, the present study shows low overlap between PIVKA-II and AFP levels in Chinese patients with HBV-associated early HCC, which required implementing a combination strategy. Further, we found for the first time, that the PIVKA-II level served as an independent predictor of MVI and high Ki67 expression, indicating the clinical significance of PIVKA-II levels and their value for enhancing the management of patients with HCC. Moreover, we contribute new insights into the mechanism of metastasis of HCC cells that may facilitate future studies aimed to develop more effective treatment strategies.
